Hexa-fe/i-butylcyclotrigermane, the only peralkylcyclotrigermane reported to date, reacts with the heavier chalcogens or aryl isocyanides by insertion into one GeGe bond to provide the ring-enlarged four-membered cycles. Hexakis(2,4,6-triisopropylphenyl)cyclotristannane (21), first described by Masamune and Sita, is now easily accessible by treatment of tin(II) chloride with 2,4,6-triisopropylphenylmagnesium bromide. Heating of 21 to ca. 80°C leads to an equilibrium between 21 and its cleavage products bis(2,4,6-triisopropylphenyl)stannylene (22) 
INTRODUCTION
In the course of the past decade the chemistry of the heavier main group 4 elements has been given an impetus which could not necessarily be expected. For instance, the first homoatomic three-membered rings of these elements [2] , namely cyclotrisilanes [3] , cyclotrigermanes [4] , and cyclotristannanes [5] have become avai-lable and have been completely characterized including X-ray structure analyses. One of the most important features of these novel ring systems is the photolytically, or thermally induced conversion into the homonuclear double bond systems of disilenes, digermenes, and distannenes [1] (Eq. 1). While the presence of a true double bond in disilenes and digermenes has been established unambiguously [1] , evidence for a similar double bond in a tetraaryldistannene [6] has been obtained very recently. This question will be discussed below. 
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TERT-BUTYL SUBSTITUTED ACYCLIC AND CYCLIC OLIGOGERMANES
Our research in the chemistry of three-membered cycles of these elements was initiated in 1984 when we succeeded in the synthesis of the much sought hexatert-butylcyclotrisilane 1, a three-membered ring having probably the highest ring strain within this series of compounds [7] . While thermal reactions of 1 proceed by cleavage of one Si-Si bond to give acyclic or ring-enlarged compounds, photolysis of this molecule provides di-terf-butylsilylene 2 and tetra-fe/i-butyldisilene 3 
The attempted synthesis of hexa-iert-butylcyclotrigermane 6 by an analogous procedure proved not to be easy since even the synthesis of the apparently simple di-iert-butyldihalogermanes could be realized only with difficulties. Thus, treatment of germanium tetrachloride with /erf-butyllithium leads to a variety of monoand digermanes, from which the desired dichlorogermane 4 could only be isolated by tedious separation operations. By analogy of a method, developed for the synthesis of di-fert-butyldifluorogermane [9] , the corresponding dichlorogermane 4 as well as the dibromo derivative 5 are now easily available. Reductive halide elimination from 4 or 5 with lithium naphthalenide or, more conveniently, with magnesium/magnesium bromide gives the three-membered ring 6 in low up to fair yield. As compared to the normal Ge-Ge single bond length of 244 pm, 6 reveals markedly elongated Ge-Ge bond lengths of 256.3(1) pm [10, 11] 
In search of a more convenient route for 4 we have found that reaction of germanium tetrachloride with the cuprate complex 7 gives tri-ierf-butylchlorogermane 8 in fair yield, which, upon treatment with lithium naphthalenide gives hexaterf-butyldigermane 9. With 271 pm, the sterically congested compound 9 has the longest Ge-Ge bond distance found in any molecule to date. Despite the extreme bond length, 9 is thermally and solvolytically very stable [10] (Eq. 4). GeCl 4 + 3 LiCu(CN)iBu -iBu 3 GeCl -iBu 3 Ge GeiBu 3 (4)
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As mentioned above, reaction of germanium tetrahalides with te/i-butyllithium provides considerable amounts of digermanes, from which, for example, the 1,2-di-tert-butyldigermane 10 can easily be separated. Treatment of 10 with excess lithium naphthalenide resulted in a mixture of unreacted 10 and two other isomeric germanium compounds. The major product was unequivocally identified by an X-ray structure analysis as 4,8-dibromoocta-tert-butyltetracyclo[3.3.0^.0^]octagermane 11 [12] . Like 9, 11 exhibits exceptional thermal stability and is also air and moisture stable (Eq. 5). 
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The formation of polycyclic oligogermanes depends strongly on substituents.
Reductive dehalogenation of terf-butyl-trichlorogermane affords the dichloro derivative analogous to 11 [13] . The subtle differences in spatial requirements of the substituents are documented by the reactions of trichlorogermanes, containing larger alkyl or aryl group, with reducing agents, which either furnish hexagermaprismane [14] or octagermacubanes [15, 16] .
RING ENLARGEMENT REACTIONS OF CYCLOTRIGERMANE 6
The reactivity of 6, the only peralkylcyclotrigermane reported to date, deviates from similar reactions of perarylcyclotrigermanes. Thus, hexaarylcyclotrigermanes react readily with heavy chalcogens, presumably via the correspondingly substituted digermenes, to give the three-membered ring systems 12 -14 consisting of two germanium atoms and the chalcogen atom [17 -19] (Eq. 6). In contrast, treatment of cyclotrigermane 6 with sulfur, selenium, and tellurium does not give the ierf-butyl substituted analogues of 12 -14. Rather unexpectedly, these reactions lead to an insertion of the respective chalcogen atom into one Ge-Ge bond to provide the ring-enlarged thia-, selena-, and telluratrigermetanes 15 -17 [11, 20] (Eq. 7).
The smooth formation of 15 -17 at room temperature could not necessarily be expected since in the four-membered rings the GeGeGe angle is increased from 60° in 6 to 84.6° in 16 and 88.4° in 17 thereby causing a compression of the hydrogen atoms of the six adjacent iert-butyl groups. As a consequence, the Ge-Ge bond lengths in 16 and 17 are slightly longer than in 6 [11, 20] .
Since the chalcogen atoms and the carbene-like carbon atoms of isocyanides are formally isoelectronic, one could expect these reagents to lead to an analogous ring-enlargement with C-atom insertion. Actually, aryl isocyanides react with 6 in the same fashion as the chalcogen atoms to provide trigermacyclobutanimines 18
DISTANNENES, MOLECULES WITH TIN-TIN DOUBLE BONDS?
Although the first synthesis of a stable disilene in 1981 [21] is usually considered as the beginning of "dimetallene" chemistry, in this connection it is often overlooked that the first distannene was isolated and characterized by a preliminary X-ray structure analysis already in 1976 [22, 23] . This compound, Lappert's distannene 19, was according to its unusual structure and properties regarded as a strange molecule at that time. This description is consistent with the pronounced tendency for ontf-pyramidicity, the tin-tin bond length, which is only slightly shorter than that of a tin-tin single bond [22, 23] , the results of quantum-mechanical calculations [23] , the solid state H^Sn NMR data [24] and, finally, the reversible decomposition into two stannylenes 20 in solution [25] .
In contrast with 19, Masamune's distannene 23, which is accessible by photolytically or thermally indued cleavage of cyclotristannane 21 [6] retaines its structural integrity also in solution. According to its electron spectrum and to its low [6] or high temperature [26] ^Sn NMR spectra, 23 probably does have a tin-tin double bond (Eq. 9).
ι ί 21, R = 2,4,6-zPr 3 C 6 H 2 22 23 Unfortunately, cyclotristannane 21 was only accessible via multistep synthesis including laborious separation operations [6] . In 1991 we accidently found that treatment of tin(II) chloride with 2,4,6-triisopropylphenylmagnesium bromide gives 21 in a single step and in high yield [27, 28] 
Heating of 21 in the presence of phenylacetylene gives the distannacyclobutene derivative 24, formed presumably by a [2 + 2]-cycloaddition reaction between distannene 23 and the acetylene. The X-ray structure analysis of 24 reveals a strictly planar four-membered ring with slightly elongated tin-tin and carboncarbon bonds within the ring [26] (Eq. 12). [29, 30] that the formation of distannacyclobutenes does not necessarily require the presence of a distannene like 23, but can also be explained by an addition of a stannylene molecule across the carbon-carbon triple bond, followed by an insertion reaction of a second stannylene into one of the strained carbon-tin bonds [31] . MO calculations for the addition of the parent stannylene to acetylene have predicted a thermoneutral, easily reversible addition [32] . Therefore, the at elevated temperatures proceeding reaction of 21 with unstrained phenylacetylene may occur as cycloaddition reaction of 23 with this acetylene. On the other hand, molecules with multiple bonds between heavier main group elements have proven to be excellent building blocks for otherwise hardly accessible compounds. For example, disilenes and digermenes (vide supra) react smoothly with chalcogens to give three-membered ring systems [2] . Treatment of 21 with tellurium readily gives the telluradistannirane 25. Further treatment of 25 with tellurium, as well as the reaction of 21 with tellurium in excess, leads exclusively to the 1,3-ditelluradistannetane 26 [28] (Eq. 13).
The reaction of 21 (or 23) with sulfur proceeds differently, since the reaction is complete only when the ratio of starting materials is one to two. Two isomeric dithiadistannetanes are formed. The colourless isomer was identified as the known 1,3-dithiadistannetane 28 [33] , the yellow isomer as the 1,2-dithiadistannetane 27 whose structure was proven by X-ray crystallography [34] (Eq. 14).
+ Sc + R 2 Sn SnR 2 27
SnR<-
The readily occuring formation of 27 is surprising, because the analogous ring systems with heavy main group 4 elements were previously unknown. In organic chemistry, too, 1,2-dithietanes were long regarded as only reactive intermediates until a few years ago, the first four-membered ring of this kind was isolated [35] . 
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The latter reaction, together with other findings, makes plausible the following proposal for the formation of 27 and 28. Addition of an S 2 fragment results in direct formation of 27, any 30 formed during the heterogeneous reaction at the sulfur surface is spontaneously converted into 28. The possibility that 28 is formed from 27 by a sequence of cycloreversion and cycloaddition reactions could not be verified experimentally, since both 27 and 28 remained unchanged after heating for several days. Likewise, the assumption that stannylene 22 reacts with sulfur to afford the stannathione R2S11S can probably be excluded. In this case in analogy to the reaction of 30 with excess 29 (Eq. 15) only the thermodynamically favoured isomer 28 should be formed. These results in connection with spectral data [6, 26] seem to confirm the presence of a true tin-tin double bond in distannene 23.
REACTIONS OF STANNYLENE 22 AND DISTANNENE 23 WITH TRAN-SITION METAL SUBSTRATES
Transition metal complexes of various stannylenes are well documented in the literature [36] . Stannylene 22 reacts similarily with disparate transition metal substrates by ligand exchange or by insertion into metal-metal or metal-chlorine bonds to provide the corresponding stannylene complexes or transition metal substituted stannanes. For example, reaction of 22 with tungsten hexacarbonyl or with (CO)5W(thf) furnishes the stannylene complex 31, whose ^Sn NMR data indicates a very deshielded tin atom at 1483 ppm along with a 1 J( 119 Sn, 183 W)
coupling constant of 838 Hz [37] . With [cpFe(CO) 2 ]2> 22 does not react by CO displacement, rather the insertion product into the iron-iron bond 32 is formed, whose structure was confirmed by X-ray crystallography [38] (Eq. 16).
While olefin complexes of transition metals date back to the famous synthesis of Zeise's salt in 1827 [39] , the first disilene complexes were reported only in 1989/1990 [40, 41] . The corresponding complexes of digermenes and distannenes were unknown up to now. Very recently we have found that reaction of dicyclopentadienylzirconium dichloride with n-butyllithium, followed by treatment of the intermediate zirconocene [42] with the cyclotristannane 21 leads to a very airsensitiv product, whose spectral data provides strong evidence for the first distannene complex 33. This is indicated by the ^^Sn chemical shift of 45.3 ppm and by the large ^Sn,inSn coupling constant of 6285 Hz which make a tin-tin bond in 33 very likely [43] (Eq. 17).
Interestingly, a similar reaction of the zirconocene intermediate with Lappert's distannene [22, 23] gives the bis(stannylene) complex 34 [44] . The ^Sn NMR resonance for 34 appears at 1677.6 ppm indicating very deshielded tin nuclei in this compound. [6] . The equilibrium between these molecules shows clearly that for a stabilization of the tin-tin double bond sterically extremely congested aryl groups are required. Following Masamune's and Sita's procedure for the preparation of cyclotristannane 21 [6] , tin tetrachloride was allowed to react with 2,4,6-tri-te/i-butylphenyllithium (ArLi) in a 1:2 ratio. Surprisingly, as main product of this reaction compound 35 was isolated, in which one of the aryl groups had undergone an aryl/alkyl rearrangement. With an excess of tin tetrachloride, along with 35 small amounts of the expected 36 were also isolated. The structures of 35 and 36 were unambiguously confirmed by X-ray crystallography [45] 
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According to the spectrum of products it must be assumed that in the first step of the reaction sequence a stannylene of composition R 2 Sn: or R(Ar)Sn: is formed, which subsequently affords compounds both of the type (RSn) n and other compositions by disproportionation with alkyl or aryl group migration.
